“SPICE”ing up Optics
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Optical Design Software Packages

- Lambda Research: OpticStud
— http://lambdares.com/

- ZEMAX:
— http://zemax.com/

¢ Synopsys:
— https://optics.synopsys.com/

Lighttools:

Image Statistics
Simulation
Simulation Time: 6 minutes
= Number of Rays: 100,000,000
|
R Render

e L Render Time: 1 minute

L] Width: 837 pixels
- - I ! [ i Height: 628 pixels
1 Computer
! siien Model: Dell Precision T7610
Processor: Intel® Xeon® CPU E5-2630

v

— o

| V2 @ 2.6GHz 12 cores, 24 CPUs
= Memory: 16GB RAM

Operating System: Microsoft® Windows®
7 Professional SP1 (64 bit)
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TracePro

e John pointed me to Lambda Research-
http://www.lambdares.com/

ETracePro N

Home

TracePro

Analysis Reports

CAD Integration
Computer Requirements
Edition Comparison
Optimization
Performance and Accuracy
Predefined Models
Sources & Source Catalogs
TracePro Examples.
TracePro in Literature
TracePro Tutorials

User Interface

Utilities

RayViz

0osLO

Applications
Training

Technical Support
Consulting

Buy

Metrology Hardware and
Production Control

TRACEPRO

Illumination system designs using TracePro are often accomplished in an iterative
manner with modifications between steps handled manually or through 2D and 3D
optimization based on user-defined criteria:

« Layout of physical geometry, setting optical properties, specifying location,
and orientation

« Definition of optical sources as grid sources, surface sources or ray files

Tracing rays to calculate illumination distributions throughout the system

Optimization

Results analysis

Reporting

Near Eye Waveguide Display with visualized rays

EE 30-DAY TRIAL

VIDEOS

View our videos and webinars on
our YouTube channel.

(11 Tube]

Supporting TracePro Documents

« TracePro Brochure

* 2D and 3D Optimization

« Backlit Display Design

« Biomedical Applications

« Designing LED Optical
Components

 Light Pipe Design

« Luminaire Design

« Photorealistic Rendering

* RayViz for SOLIDWORKS

Solar Collector Design and

Analysis

« Stray Light Analysis

.

Light Pipe Design using TracePro

Design Intricate Light Pipes

for Utility, Efficiency,
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Disclaimers

* | have not:
— Come up with the final answer.
— Optimized anything.
— Explored the full phase space of the program.
* | have:
— Played around with it somewnhat.
— Tried some different designs.
— Learned a lot more about optics then | use to know.
— Had Fun!

* The balance of the presentation is to demonstrate
what is possible with one package, TracePro
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Square light guide

« Simple square light guide similar to prototype guide
— 25 x 25 mm? at base, 15 x 15 mm?2 at other end, 40 mm long
— Acrylic material, with default surfaces

@ Model:[ShortBlock.OML] E @

Surface 0
- Surface 1
=) Surface 2
i Surface Property: <None>
i Plane
- Surface 3
- Surface 4
- Surface 5
- Surface 6
& 7
e 8
[

#]- Surface

7 Surface

7] Surface 9
Entity 1
Material from Plastic
Material name Acrylic

Model | Source IRadiance'
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Light Grid

« Define a light grid to illuminate the “large” end.

23 X 23 mm?

25 x 25 points in a grid

Uniform beam, half angle of 1 degree
460nm wavelength

. Incide_nt flux on front surface:
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# Irradiance/llluminance Map:[ShortBlock.OML]

______________

Total - Irradiance Map for Incident Flux
ShortBlock Surface 4 Global Coordinates
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3.5+ é ;Yo see ?x'[_" H
2es0 E LR s RO
2 54D > W0 2E+008} ; :
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264 0900 P
1.50+01 HH0 1E+008) - - :
Tesd) S o
500D 45 -10
L X (millimeters) — Horizontal —
Min:2.061, Max:8.03552+006, Ave:4e+006
Total Fluxe:2500 W, Flu/Emitted Flu: 1, 2500 Incident Rays
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Transmission Through Light Guide
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Exiting Irradiance Plot at Back Side

* Irradiance/llluminance Map:[ShortBlock.OML] =N o <=

Total - Irradiance Map for Exiting Flux
ShortBlock Surface 5  Global Coordinates

W/im*
2 2e+007

2e+007
1.8e+007
6 -4 2 0 2 4 6 2 2E+007 ---- ammm- ro---- RS
1.6e+007 2E+007 ' ' '
1.8E+007
1.6E+007
1.4e+007 1 4E+007
- 1.2E+007
1.2e+007 @ 1E+007
E 8E+006
I= G6E+006}-
1e+007 ; AE+006
2E+006
8e+006 1}
- i -10
6 4 -2 0 2 4 6 — Horizontal
6e+006 X (millimeters) — Vertical

4e+006

2e+006

0
Min:2.124e+006, Max:2.0798e+007, Ave:9.9749e+006
Total Flux:2293.1 W, Flux/Emitted Flux:0.91726, 2464 Incident Rays
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* Increase length to 70mm
« 25 x 25 mm? at front

e 15 x 15 mm? at back

Longer Light Guide

¥ Modek[LongBlock.OML]

- Grid Source
. iGrid Source1'
Surface Source

File Source

Model l Source IE
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Wim?
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2e+007-
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1e+007-

8e+00
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2e+00

Y (millimeters)

Total - Imadiance Map for Exiting Flux
LongBlock Surface 4 Global Coordinates

76 5 43 210-1-2-3-43587T

7 6 5 4 3 210-1-23435486 T
XK (millimeters)
Min:2.62268e+006, Max:2.1223e+007, Ave:9.908%e+006
Total Flux:2292.4 W, Flux/Emitted Flux:0.91688, 2468 Incident Rays
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 1m long:

Even Longer?
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Total - |rradiance Map for Exiting Flux
Block 1 Surface 4  Global Coordinates

Wim* 6 4 2 0 2 -4 B 2.2E+007 ’ .
-~ 1 1 1 1 1 1 1
SEmm | 0eE v e e e S et S et S
R o l&Bl'.a TBE+0Tr ke ek e c ek e ek ek o - o
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Total Flue:2289.2 W, FluwoEmitted Fluc0.915858, 2480 Incident Rays
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What about coating the side

« Back to original “short” block

« Make the side surfaces “Diffuse White”
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Apply Properties

Bulk Scatter

Class and User Data
Color

Diffraction

Exit Surface
Fluorescence
Gradient Index
Importance Sampling
Material

Mueller Matrix
Prescription
Raytrace Flag
RepTile

Surface

Surface Source
Temperature
Temperature Distribution

Surface
Catalog: |Defau|t ﬂ
WNELCHE Diffuse White -

Description: | White, Lambertian, 99% reflectance

Scatter: ABg Scatter

Reference Data

Type: Table, no polarization, no retroreflector

Reference Material

Angles measured in Air

- Refractive Index = 1.0 El

Angles are corrected by Snell's law and the refractive

index on either side

of the Surface Property. Select

measured index reference of Surface Property data.

Apply | View Data
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Look at the Radiance Plots for the Back Side

: Default
diffuse W

¢<None>

<None>

: Default
diffuse W ¥

Total - Irradiance Map for Exiting Flux
ShortBlock Surface 5 Global Coordinates
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Total Flux:1978.5 W, Flu'Emitted Fluoc0.79141, 2114 Incident Rays

10/3/16 @’ [ Poe

~—
<PH--ENIX

12



A Different Shape?

« Asked Ritchie to generate a step file that went from a
square to a circle

 Dimensions are not the same as other light guides
« Same material, default surface
« Same source grid and wave length
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Irradiance Map for the Back Surface

¥ lIrradiance/llluminance Map:[Light_Guide_circular.oml]

0
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Total - Irradiance Map for Exiting Flux
Solid1 Surface 0 Global Coordinates

20 18 16 14 12 10 8 6

T
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T
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E
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20 18 16 14 12 10 8 @
X (millimeters)
Min:0.00010889, Max:3.5052+007, Ave:2.24842+007
Total Flux:4450.3 W, Flux/Emitted Flux:0.44503, 6643 Incident Rays

B-v Solid1
=

Surface Property: <None>
Plane

i Surface 1

+- Surface 2

i Surface 3

+- Surface 4

f- Surface 5

Entity 1

Material from Plastic
Material name Acrylic

Fra s B e B e B

Model | Source IRadiancel
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Import the 2x2 Light Guide

» Use step file
from Ritchie/
Spencer/Dan

* Define 4 light
grids on front
surface

« One cone has
diffuse white
surface

s
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Light it Up

Diffuse White Surface
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# Irradiance/llluminance Map:[Light_Guide_20_INJ-A.oml]

Irradiance Plots

With Diffuse White Surface

Without Diffuse White Surface
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Total - Irradiance Map for Exiting Flux
Solid1 Surface 218  Global Coordinates

1816 14 12 10 B 6453 1854007
16540073

B
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X (milimeters) 2

:0.54148, Max:1.65182+007, Ave:4.62T1e+008
Total Flux:885.88 W, FluoEmitted Fluoc:0.088588, 943 Incident Rays

— Horizontal —

Total - Irradiance Map for Exiting Flux
Solid1 Surface 221  Global Coordinates

4E+007

3584007
3E+00T
2.5E+007
2E+007

b

18 16 14 12 10

X (millimeters) 4.488 282 10.08
in:0.070019, Max:3.5026e+007, Ave:1.2111e+007 — Horizontal —
Total Flux:2318.8 W, Flu/Emitted Flux:0.23188, 2441 Incident Rays
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Side Surface
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Total - Irradiance Map for Exiting Flux
Solid1 Surface 216  Global Coordinates
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o 0
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Total Flux:10040 W, Fluo/Emitted Flux:1.004, 10858 Incident Rays

Total - Irradiance Map for Exiting Flux
Solid1 Surface 224  Global Coordinates

Left/Bottom Right/Top

(millimeters)
Min:3.53852-005, Max:5.98532+006, Ave:1.01022+008 — Horizontal —
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Total Flux:476.53 W, FluvEmitted Flux:0.0476532, 518 Incident Rays
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Final Comments

 Number of commercial products available for
designing optical wave guides
« Companies also provide design consulting

« Good project for student wanting to learn optical
engineering
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